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IntroductIon
To achieve the goal of "Universal Health Coverage", it is recommended to include family planning as an integral part of the focused efforts. [1] Therefore, the Government of India has envisaged to expand the family planning services as a part of sustained efforts to achieve Sustainable Development Goals 3.1 and 3.2, which are related to the reduction of maternal and child mortality. [2] In Indian context, several studies had been undertaken evaluating the postpartum intrauterine contraceptive device (PPIUCD) and interval intrauterine contraceptive device (IUCD) methods of contraception in terms of their efficacy, safety, acceptability, etc., [3] [4] [5] [6] [7] but there is limited evidence on their costs. In order to meet this gap, we undertook a study both from health system and development partner's perspective, to assess the unit cost of delivering PPIUCD services. Second, we compare the unit costs for implementing PPIUCD services and interval IUCD available as routine service for pregnancy spacing.
Methodology

Study area
Out of 29 states, PPIUCD service is currently being implemented in 19 states of India. Two states were selected to study the cost of PPIUCD service, i.e., Uttarakhand (UK) and Madhya Pradesh (MP). Implementation of PPIUCD program in India is supported by multiple development partners across the states. In UK and MP, PPIUCD program was implemented with technical support from "Jhpiego -an affiliate of Johns Hopkins University." Another factor which favored the selection of UK was that it is one of the earliest states where program implementation started. Total districts in the two states were first divided into three categories, i.e., low-, moderate-, and high-performing districts based on the number of PPIUCD insertions from April 2013 to March 2014. We selected 10% of districts as well as facilities (out of overall in the state) for data collection in the study. In UK, one low-and one high-performing districts were selected. Similarly, in MP, we selected two high-performing (Bhopal and Narsingpur), one moderately performing (Indore), and two low-performing (Hosangabad and Guna) districts among the fifty districts in MP. In UK, we selected two district hospitals (DH), three community health centers (CHCs), and one primary health center (PHC). Similarly, in MP, we covered five DHs, three CHCs, and one PHC.
Data collection
In the current study, we aimed to assess the economic cost of implementing PPIUCD as a family planning method. Semi-structured questionnaires with pertinent questions were used to capture the costs. These questionnaires were adapted from previous studies with an aim to assess the health service delivery at primary and secondary level in India. [8] [9] [10] [11] We used a bottom-up micro-costing approach to collect the data on health system resources for a time period of 1 year, i.e., from April 2013 to March 2014. Cost centers were identified at each level of facility functioning for service delivery or program support. Similar data were also collected for interval IUCD service which was being delivered as a part of routine family planning services package. Data on salaries and other allowances disbursed to medical, nonmedical, and support staff working at facility level with less or more contribution toward the PPIUCD service were collected. We reviewed the routine records comprised of monthly reports, stock registers, and indent records to collect the data on consumables, drugs, equipment, and overheads. Data on building space being used for the services were captured by doing a physical survey of the facility. Costs which do not come as direct expenses to provide the service were also included to meet the horizon of economic perspective of this study. Such costs include state-and national-level staff involved in the trainings, capacity building, monitoring, and supervision of this service.
Alongside health system costs, resources spent by development partners in the same period (April 2013 to March 2014) to provide technical support at different levels were also captured. Jhpiego as a collaborator provides the technical support, and henceforth their resources utilized at state or national level were also accounted for estimating unit costs.
Data on number of beneficiaries
Month-wise data on the number of beneficiaries in year 2013-2014 of this service were collected from all the health facilities covered for cost data collection, used as denominator in the estimation of unit costs. The data were taken specifically for beneficiaries of either of the two family planning services, i.e., PPIUCD and interval IUCD procedures.
Cost data analysis
Cost data collected for capital and recurrent costs were analyzed using standard methods available in literature. [12] [13] [14] Health system costs are usually shared in nature with a provision of delivery of package of services, i.e., being used for more than one program or activity. Thus, we apportioned the cost for service being evaluated using apportioning statistics. These apportioning factors were derived on the basis of average time required to perform each procedure and average duration of stay at different places (labor room, operation theater, and in-patient ward) within the health facility which was based on interviews of medical staff at health facilities involved in service delivery. Details of apportioning statistics are provided in supplementary appendix document.
Capital costs such as buildings rented or space utilized at health facility level for providing PPIUCD service along with other maternal health services in health system or by external agencies were estimated using the prevailing market rental prices. Annualized costs of capital goods such as equipment and furniture with useful life of more than a year were calculated. A standard discounting rate of 3% was applied. Average market prices for drugs, consumables, and nonconsumables were preferred over government-subsidized prices in view of the economic perspective of the study as the use of subsidized prices generally leads to underestimation of economic costs. Recurrent costs were also analyzed for the year 2013-2014 to arrive at the overall estimates for providing PPIUCD service. Finally, the cost estimates derived using standard procedures were converted to United States Dollars (USD-$) using the average exchange rates (INR 60 = 1 USD) for the year 2014, to make it comparable at wider level. [15] 
Unit cost estimation
We categorized the costs as service delivery costs and program support costs. Service delivery costs mainly comprised of direct cost of consumables, supplies, and personnel costs, whereas, program support costs included costs of monitoring and evaluation, supervision, behaviour change communication (BCC), capacity building, advocacy, and health education. Program support costs were assessed separately for health system and development partners. We estimated per beneficiary unit cost of service delivery and program support from health system and development partners. Unit cost per PPIUCD and interval IUCD insertion at three different levels of health facilities, i.e., district level, CHC level, and PHC level was computed. To estimate the 95% confidence limits around unit cost estimate, 999 data simulations were done using bootstrap technique.
Using the methodology introduced by Janowitz and Bratt, we also estimated unit costs per couple-year protected (CYP) at all the levels of health facility in our study. [14] We used the same assumptions that all IUCD users were followed up thrice in the 1 st year and twice in 2 nd and 3 rd year, with 80% compliance. [16] We assumed that the average duration of IUCD use to be 3 years. [17] Our study data did not have the scope of estimating the cost per outpatient department (OPD) follow-up visit and cost per IUCD removal; therefore, we used the cost estimates per outpatient consultation given by some recent studies. Using these estimates, we estimated the unit cost of service delivery per CYP for DH, CHC, and PHC. [8, 18] Further, we assumed cost per IUCD removal to be 50% of the cost of insertion. Hence, cost per CYP was calculated using the following formula: 
Sensitivity analysis
Given assumptions made for CYP estimation, we have performed a univariate sensitivity analysis to assess the impact of uncertainty in the follow-up visit cost and cost of removal of IUCD on CYP estimate. To vary the unit cost per follow-up visit, confidence intervals reported for base estimates from the same studies were used. [8, 18] In base case scenario, cost of removal of IUCD was assumed to be 50% of the cost of IUCD insertion. For sensitivity analysis, this cost was varied from 25% to 75% of cost of insertion of IUCD as lower limit (LL) and upper limit (UL). We report the percentage change in CYP cost with change in parameters considered for sensitivity analysis.
results
Beneficiaries
Overall, we found that 18% of women opted for PPIUCD as a method of contraception. Almost double the women opted for PPIUCD at CHC and PHC level in MP than UK. 
Annual costs (service delivery) Health system costs
Unit costs
The overall health system cost per PPIUCD insertion was found to be INR 274 ($4.6) and INR 276 ($4.6) in MP and UK, respectively. Overall, cost per IUCD insertion was slightly higher than the unit costs per PPIUCD insertion, i.e., INR 287 ($4. 
Cost of couple-year protected
We also estimated the cost per CYP at all the level of health facilities, i.e., DH, CHC, and PHC. 
Sensitivity analysis
Findings from univariate sensitivity analysis suggest that, with change in unit cost per follow-up consultation, CYP cost at DH level varied from 15.7% for LL and 24.2% for UL for PPIUCD, whereas for IUCD, it varied from 15.4% for LL and 23.7% for UL. At CHC and PHC level, CYP cost for PPIUCD varied from 18.7% to 23.2% and 15.6% to 17.2%, respectively. Similarly, CYP cost for IUCD varied from 18.6% to 23.1% and 19.3% to 21.2% at CHC and PHC level, respectively. With variation in cost of IUCD removal, CYP cost for PPIUCD and IUCD varied by 5% on either side both for DH and CHC level, while the variation at PHC level was 4.6% and 1.8% on either side for PPIUCD and IUCD, respectively.
dIscussIon
The study was undertaken to assess the unit cost of service delivery and program support for PPIUCD services in India both from health system and development partner's perspective. Second, we compared the unit costs of service delivery and program support for implementing PPIUCD services and interval IUCD available as routine service for pregnancy spacing and limiting.
Overall cost per PPIUCD insertion had slight variation between the states as it was found to be INR 522 ($8.7) in MP and INR 502 ($8.4) in UK. Service delivery cost per PPIUCD insertion was almost same, i.e., INR 267 ($4.5) in MP and INR 260 ($4.3) in UK. Consumables which include the IUCD device alone account for 90% of the costs.
Our results are in concurrence with the estimates given by the United Nations Population Fund study, wherein it was found that the commodities had the maximum share in the expenditures incurred. Overall health system costs for service provisioning of PPIUCD against interval IUCD were slightly higher as PPIUCD was being carried out immediately after birth, but IUCD had to be carried out separately which involved greater time expense of human resources. The health system costs per beneficiary for delivering PPIUCD services were higher at CHC and PHC level compared to that of IUCD costs. Higher PPIUCD costs at CHC and PHC could be explained in view that the majority of PPIUCD procedures were being done within 10 min after childbirth assisted by a medical doctor, whereas in case of interval IUCD, majority of the procedures are assisted by staff nurse. Therefore, involvement of doctors in PPIUCD procedures is a determinant of higher costs.
The costs per CYP were found to be similar both for PPIUCD and interval IUCD at DH and CHC level. However, costs per CYP for PPIUCD were higher compared to interval IUCD at PHC level. This may be attributed to the fact that there were more number of follow-up visits by the patients in case of PPIUCD as it was carried out after delivery and the patients were visiting the health-care facility for seeking other routine services such as immnuization and outdoor patient services. 
Strengths and limitations
The data in our study were collected at all the levels of public health facilities which covered all the aspects of program in terms of provisioning and costing of PPIUCD and interval IUCD as a method of birth spacing in the family planning basket. Our study accounts for both service delivery and program costs incurred by health system and development partners for delivering the PPIUCD services. Costs and effects should be viewed side by side to inform policy decisions, which is possible only by conducting full economic evaluations.
conclusIons and recoMMendatIons
At present, in India, the unit cost per PPIUCD insertion is low in DHs and CHCs as compared to that of PHCs. PPIUCD services should be made available at delivery points with high delivery load to make our health-care delivery system more equitable. PPIUCD, being a low-cost procedure, should be considered as a primary strategy targeted toward pregnancy spacing over other contraceptory methods. Currently, almost half of the costs for implementing PPIUCD services in India are incurred by development partners for program support, i.e., for capacity building, supervision, monitoring, and evaluation. However, the government may think of having some alternate and more sustainable mechanism for program support, preferably through the health-care system.
PPIUCD procedure, though a low-cost family planning strategy which makes it favorable, must be evaluated further under full economic evaluations to inform policy decisions.
